Stepping acquired immunodeficiency syndrome (AIDS), severe acute respiratory syndrome (SARS) as another type of disease has been threatening mankind since late last year. Many scientists worldwide are making great efforts to study the etiology of this disease with different approaches. 13 species of SARS virus have been sequenced. However, most people still largely rely on the traditional methods with some disadvantages. In this work, we used Wolfram approach to study the relationship among SARS viruses and between SARS viruses and other types of viruses, the effect of variations on the whole genome and the advantages in the analysis of SARS based on this novel approach. As a result, the similarities between SARS viruses and other coronaviruses are not really higher than those between SARS viruses and non-coronaviruses. This work was supported by grants from the Major State Basic Resea rch D evelopment Pr ogr a m of C hina ( 9 7 3 Progr a m)( N o.
In this work, we tried to understand the pathogenesis of SARS, the world's threat [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] using a complete novel approach [15] [16] [17] [18] [19] [20] , or Wolfram approach which was systematically described in the book entitled "A New Kind of Science" in 2001 and has drawn extensive attention in the world [15] . In contrast with the traditional methods of DNA sequence comparison, Wolfram approach was based on the concept that simple rules are able to produce highly complicated behaviour such as dynamically viewing alterations on visualization, including transposition, insertion, deletion and duplication, etc., in a whole genome scale, and even in a single base scale when the base precisely located. Furthermore, it has become possible to make progress on a remarkable range of fundamental issues of lives that have never been successfully studied by any of the existing sciences based on traditional mathematical rules, which are limited in exploring the complex beha-viour in a typical biological system. For example, the evolutionary theory cannot really or completely explain the origin of complexity of biological system [15] . Research and speculation in living organisms at a molecular level that was normally neglected by Wolfram, have little success for the explanation of complexity in lives.
With Wolfram approach-based method, we explored both the simple rules and a special rule from the 256 rules suggested by Wolfram [15] to avoid traditional intuition that the behaviour must be simple if the rule for a program is simple. This is not true from the data demonstrated by both Wolfram's work and our own work. The remarkably simple rule can actually capture the essential mechanisms responsible for complex phenomena in living organisms.
In order to gain an insight into SARS, we analyzed DNA sequences of different viruses in detail by the simple rules, initial conditions and highly complex behaviour of the final images were studied visually.
Materials and Methods

Sequences of SARS viruses and other related viruses
All studied sequences including 13 SARS viruses were downloaded from free database of National Center for Biotechnology Information (NCBI): 
Basic principle of Wolfram approach and the rule selected in the study
DNA sequence is currently thought to be one dimensional linear structure coded in two states: 0 and 1 (black and white seen in images), each cell in the coding sequence has immediate interaction with its neighbouring cells at left and right, respectively, in terms of "positive" power and "negative" power. The powers from either side, which are not always equal, can be scored between 0 and 1 representing for or against each other. This is the mode of power relation of one dimension sequence [ Fig. 2(A) ]. In this mode, only eight arrangements can be found [15] [ Fig. 2 with the two powers overlapped.
However, in 010, the powers which belong to the same kind of powers from both sides are greater than the power of the cell itself, resulting in the state 1 shifted to state 0 in the next step. By analogy, 011 will be changed to state 1, 101 to state 1, 111 remains the same state 1. However, in 100 and 110, of which both have neighbours 1 on the left and neighbour 0 on the right, the final state in the next step is the opposite of the initial state. All the eight arrangements result in very complicated behaviours of DNA sequence with two kinds of lines and the nested structure. In theory, still 255 more rules exist but the present rule provides the best solution.
Computer and image
The computer Origin 3000 (Silicon Graphics, Inc. 64 500 MHZ IP35 processors) was used throughout this study. Each sequence was run on the same simple programs to see how they behave. Eventually, one of the rules was selected for comparative study based on more than 3,000 images (200,000 Mega) showing behaviours of complexity.
Results and Discussion
Characteristics of SARS viruses
In the study of sequence homology [21] [22] [23] [24] , we compared 62 viruses including 13 SARS viruses, 16 HIV and some related viruses on the evolutionary tree, which was constructed by comparing the sequence homology between any two viruses [24-28] using Clustal ( Fig. 1 ). Bovine coronavirus and avian infectious bronchitis virus, as SARSrelated viruses, showed higher score. Previous studies [21] [22] [23] [24] [25] [26] [27] [28] reported that SARS virus was a new kind of coronavirus similar to bovine coronavirus and avian infectious bronchitis virus. However, our work indicated that they had remarkable intrinsic differences.
All the 13 SARS viruses studied behaved quite differently (see Fig. 3 ). There was a very large nested structure across the beginning 10 kb regions that was rarely seen in all other studied viruses except those with higher homology. Furthermore, four smaller nested structures (approx. 2 kb long on average) were found within approx. 12-25 kb in SARS viruses but not in most other studied viruses ( Fig. 4 ). Therefore, it is rational to think that the nested structure is the typical feature of SARS viruses containing some special bio-information absent in other viruses, which may be involved in the development of SARS virus by producing replicase or vital protein in this region as suggested previously [21] (Fig. 5 ).
Pair wise comparison in the traditional way also exhibited similarity of sequence among porcine transmissible gastroen, human coronavirus 229E, and SARS viruses but If the cell and its two neighbours are all in state 0, which can be seen on the right of Fig. 2 , the cell interacted with the same kind of powers from both sides keeps the original state 0 in the next step. In 001, the middle cell accepting unequal powers, which are opposite each other from both sides, still maintains the final state 0 in the next step no fundamental similarity was found in equine rhinovirus ( Fig. 1 ). However, the whole genome of equine rhinovirus (ER) had similar regulating feature of SARS virus ( Fig.  4 ), although ER genome contained only 7734 bp as compared to more than 29 kb of SARS genome [21] [22] [23] [24] . Using traditional method, SARS virus was found to have high homology with porcine transmissible gastroen and human coronavirus 229E, but we found that SARS virus and equine rhinovirus had similar intrinsic image and specific nested structure ( Fig. 4 ). ER genome is much smaller than SARS virus genome, so it is unlikely that ER was mutated directly to SARS virus but we could not exclude the possibility that ER is the ancestor of SARS virus. At the same time, SARS virus and human coronavirus 229E are very different in behaviour. Another interesting finding is that the beginning genome sequences after the first "atgccc" of other coronaviruses have very similar behaviour. Furthermore, the behaviours of the last 2 kb region of each species are also similar.
Possible origin of SARS virus
SARS-GZ was likely to be formed on the basis of SARS-CUHK because its 33 bp in the beginning region, about 300 bp in the ending region [including 24 poly (A)] and 520 bp between 21,300 and 21,820 bp do not exist in SARS-GZ. However, seven pieces of 7-13 bp showing 100% homology, and dozen pieces of 10-30 bp showing 70%-99% homology, certain sequences in the 520 bp in SARS-CUHK virus DNA were found to be inserted into
Fig. 3 Images of all 13 SARS virus
The images are arranged according to the colour order in chromatogram. The more similar the colours are, the closer their consanguinity should be, suggesting the degree of similarity in behaviours of SARS viruses. the regions within 3.7-4.2 kb or 26.5-26.7 kb, and at least in 6 other positions in SARS-GZ genome (Fig. 6 ). Thus, By comparison, we found the nested structure are mainly located in the beginning 21.5 region of SARS virus sequence, which is just in the position for both Replicases Fig. 1(A) and (B), an important "weapon" for SARS viruses to maintain their amounts necessarily for causing the disease.
Fig. 6 Comparisons between SARS-CUHK and SARS-GZ
In the upper three images, the green colour stands for the entire genome of SARS-CUHK and the red colour for the genome of SARS-GZ. (A) In SARS-GZ (red) there is a 520 bp of deletion indicated by the gap but other parts matched well. (B) and (C), In the second and third images with partial magnification show small pieces of DNA inserted into at least five positions of SARS-GZ (red). (D) The tiny difference at base level can be detected from the magnified original images, the one in green stands for SARS-CUHK.
the first case of SARS reported in Guang Dong province was probably caused by SARS virus originated in Hong Kong. The evolutionary position of SARS-CUHK was found to be more stable than that of SARS-GZ, supporting the view that SARS-CUHK appeared earlier than SARS-GZ. Furthermore, the eight SARS viruses other than SARS-GZ, -BJ03, -BJ04, -SIN2774, and -Coronavirus are more stable. The three strains from Hong Kong belong to three different subgroups, this fact also supports the above view ( Fig. 1) .
Advantages in the study of SARS with Wolfram approach-based method
The array in Fig. 7 is only consisted of two elements, white and black cells (the smallest unit in coding sequence), representing power and counter-power. The first (original) line composed of the cells in the array refers to the coding sequence of DNA. Under the same rule, every cell changes its state in each following step. If one cell is replaced with another cell, for example, after a white cell turns to a black cell, an "earthquake" in the following steps can take place. In the example of p53 (Fig. 8) , only one base change (A → T at 186 bp position) results in the continuing abnormal expression of genetic information (white lines) which should be terminated.
On the other hand, other genetic information, which should not be expressed in the late stage of life development, is continually expressed. Hence, despite that high similarity of sequences in a certain region between two species can sometimes be found, it does not necessarily mean that their final behaviours should be the same. Instead, they can be greatly different. This may be explained by the fact that the similar sequence is also regulated by the complex network of power interactions among the whole genome. On the contrary, sequences obtained in the traditional way show less similarity but the distribution of interaction powers of bases in the network of power interactions among the whole genome can be very similar in behaviours, such as the process of pathogenesis between the two species. From this work, we think that SARS viruses are likely to catch a part of genetic information from other non-coronaviruses to increase their special power of causing the disease as a result of the partial similarities of behaviours between SARS and other non-coronaviruses like HIV.
In the images of power (Fig. 7) , the thick and thin lines have been divided into two types, the white one inclining towards left and the black one towards right with 45 degree angle. If the equal numbers of white and black lines meet each other, it will result in an interim balanced state The power in black beats the power in white, which is partially driven away. (C) and (D), The biological system is in a balanced state under the circumstance the power in white does not exist any more. (E) While interaction between the power in while and power in black is equivalent in local area, a "completely balanced state" has been reached but can only be formed in partial area in genetic material. (F) The crossover of "positive" and "negative" powers at genome level no longer exists after the state balanced to finally direct the trend of development of organism.
Fig. 8 Homo sapiens tumor suppressor protein p53 (p53) gene analyzed with Wolfram approach-based method
Homo sapiens tumor suppressor protein p53 (p53) gene analyzed with Wolfram approach-based method. The pairwise images with same size stand for sequence of p53 gene. A1, The normal one, in which the red arrow, marked with 1, indicates white line toward right representing the expressed genetic information; marked with 2, indicates the black line toward left representing the genetic information regulated at the late phase of cell development. A2, When a base A (00) at 186 bp position is altered into T (11), the white line with 1 disappears but a black line with 3 appears. The black line marked with 2 is out of control of cell development at the late phase. Note: (B1) and (B2) are of local magnification of (A1) and (A2). between the two powers ( Fig. 7) . However, in most circumstances the two lines eventually disappear because of the continence of the powers. While the number of black lines is much more than the number of white lines, the power represented by black lines will remain because of its dominant role. The remaining power, which is approximately equal to the power after the white line has been deducted from the black line, gets weaker, and vice versa. Nevertheless, the white line or the black line will not always go on if the counter-powers meet again in the following step. Both lines will disappear to reach a balanced state if they are equal. Otherwise, the line with more power will dominate the situation with the deducted power. Through their "encounter" again and again, at last only one type of line will exist with a final stably balanced state. Based on the interaction of power and counter-power, the "encounter" between the powers in white towards the left and the power in black towards the right in several locations may finally result in the formation of the nested structure, which is presumed to be the important state of life filled with complex regulation network.
In analysis of the whole genome behaviour with 10,000 fold reduction of the original size, we found that behaviours of all studied organisms can be classified into three categories: the first one mainly composed of white lines inclining towards left in 45 degree as most common viruses show; the second one mainly composed of black lines towards right in 45 degree as HIV exhibits; and the last one composed of the typical nested structure as SARS viruses possess. Interestingly, in this study the three kinds of viruses happen to have these three types of behaviours ( Fig. 4 ), suggesting that the behaviours of HIV and SARS are specific and rare. The typical feature of Wolfram approach is the conversion of "A" "G" "C" "T" into two states, white and black, in accordance with the characteristics that opposite sides coexist in all substances and also with the theory of "Yin-Yang" balance ( Fig. 7) .
All genetic materials are made up of thousands and hundreds of bases of AGCT or AGCU, but there must be an inner uncertain mode of base organization that each species follows in the utilization of these four bases, so different viruses show different behaviours even under the same rule. Though sometimes the result obtained by both the traditional and the new methods are similar, one of the important differences between them is due to the fact that the judgment with the traditional way always relies on homology or the variation of a single base, etc., which we think is not complete or objective. Instead, Wolfram approach pays attention to the interaction power of regulation between any adjacent bases, reflecting a major and basic power determining the development and evolution of organism along its own specific track. In fact, the interaction power between bases can be divided into two categories: promotion and continence with each other (Fig.  7 ), which can be much more effective than single base alterations in the development of organisms. In addition, each base receives powers from neighbouring bases and exerts power to neighbouring bases at the same time, indicating that the role of each base in a sequence is variable. When all powers from different bases are gathered together, a network of huge power interactions with overlap of powers will be formed, but the balance will be easily broken by an alteration of sequence occurs because of its precision and fragility. As we know, sequence alteration sometimes can be ignored, but sometimes can not because the original base may play a key role in the behaviour of the whole genome. This also explains why some mutations do not affect life too much but sometimes even a single base mutation can cause death, which we call "key (vital) base unbalance" (Fig. 8) . The Wolfram approach is just a good way to answer this sort of questions.
Ignoring the power interactions between bases in the traditional analysis usually causes unsatisfactory explanation or misleads the direction of research, especially in the study of some complex phenomenon of lives. At present, researchers are trying hard to produce drugs against SARS. For example, human rhinovirus 3 Cpro inhibitors have been considered for SARS therapy [29] . However, equine rhinovirus (ER) has more similar regulating characteristics of SARS as shown in the analysis by Wolfram approachbased method (Fig. 4) . Therefore, ER-based inhibitor could be better than human rhinovirus-based inhibitor for fighting SARS.
In analysis with Wolfram approach, SARS virus shows an image of much more outstanding and complicated behaviours under one of 256 rules (Fig. 8) . It suggests that SARS should have a specific bio-information with its own mode of base organization, which is not necessary to be the same as HIV that can follow another type of mode of base organization (Fig. 4) . According to the current thinking, however, HIV, which is still a kind of virus to cause huge troubles in man, should have a large number of similar complex information in the image but, instead, it looks more special than what we have expected. This may be also a reason why people are facing big difficulties to answer many scientific questions using the traditional way, which people have noted is actually limited in use.
Our result is different from those reported recently in other papers [30] [31] which believe SARS is one species of coronavirus genus, but our image results shows that SARS could be a new kind of virus, which may be far away form other coronaviruses in family-relation distance. This can be due to the fact that traditional sequence analysis ignores the difference between any two bases. In contrary, Wolfram approach is sensitive even to the spot mutation of a single base, and our result shows the inner characteristics and future trend of the whole genome. As a result, the similarities between SARS viruses and other coronaviruses are not really higher than those between SARS viruses and other non-coronaviruses. Even in the result obtained by Guan et al. [32] , the difference between the sequences of SARS viruses and coronaviruses from Masked pa1m civet can be found. Therefore, more work remains to be done to clarify the cause in the future.
Briefly, we are the first one to apply Wolfram approach in the analysis of SARS virus at the molecular and sequence level with many advantages, particular in the magnification of tiny changes in DNA sequence for both detailed and overall analysis in the whole genome scale. If the analysis is only based on the comparison of sequences in the traditional way, the scope of research will be limited. In this work, we studied and discussed the origin of SARS with Wolfram approach but the etiology of SARS investigated in this study may need more work to further confirm.
